Abstract
Background
Agricultural based economy and rapidly increasing human population are the main cause of land use-cover change in the developing countries (Tufa et al. 2014) . Resource scarcity and fast population growth will force people to encroach steep lands, shrub lands and forests to satisfy their food production (Hamza and Iyela 2012) . These land use-cover change have significant influence on quantity or quality of stream flow (Bewket and Sterk 2005) . Different studies that have been carried out in many parts of Ethiopia indicated that croplands have expanded at the expense of natural vegetation, forests and shrub lands (Kassa and Gerd 2007) . The Land usecover change has negative consequence in hydrological system of a sub basin (Legesse et al. 2003) .
Expansion of agriculture, urbanization, deforestation and the day to day activities of mankind resulted to temporal and spatial change in land use land cover have affected water flow path ways and water balance. Developing countries like Ethiopia, where there agriculture Open Access *Correspondence: toleramegersa@gmail.com 1 Center for Environmental Science, Addis Ababa University, Addis Ababa, Ethiopia Full list of author information is available at the end of the article serves as backbone of the economy and ensure wellbeing of the people; the adverse effects of land use land cove change are diverse. Beside to this various water resource development sectors (hydropower, irrigation, urban and rural water supply etc.) have persistently been affected by both temporal and spatial changes of LULC (Nigusie and Yared 2010) .
The major effects of land use/cover change are likely to alter the hydrologic response of sub basin and change in water availability (Setegn et al. 2011) . The Land cover under little vegetation is subjected to high surface runoff and low water retention (Tufa et al. 2014) . Whereas, the high vegetation covers increase, evapotranspiration and decrease the mean annual river flow. The Land usecover plays a fundamental role in driving hydrological processes within a sub basin (Gwate et al. 2015) . These include changes in water demands such as irrigation, changes in water supply from altered hydrological processes of infiltration, groundwater recharge, and runoff, and changes in water quality from agricultural runoff (Mengistu et al. 2009 ). Therefore, a far better understanding of land use-cover change, its effect, and interaction to the hydrology of a basin is highly essential.
SWAT is a semi-distributed and physically based watershed model that operates at a continuous time-step (Arnold et al. 1998) . The model is designed to simulate the effects of changes in the catchment management practices on surface water and groundwater hydrology, diffuse pollution and sediment erosion within catchments (Taylor et al. 2016) . Two kinds of data; spatial data and temporal data are required by SWAT model. Spatial data include a digital elevation model (DEM), land-use map and soil map. The temporary data include hydrological data (stream flow and sediment yield) and climatic data (precipitation, solar radiation, relative humidity, wind speed and temperature). Within SWAT, a catchment is divided into multiple sub-catchments which are then further divided into Hydrologic Response Units (HRUs) that consist of homogeneous land use, slope and soil characteristics. The simulation processes of watershed using SWAT are split into two phases: as (i) land-based phase and (ii) routing phase (channel-based phase). The landbased phase controls the loadings like runoff, sediment, nutrient and pesticides. While, the channel based routs the loadings throughout the stream network (Sam et al. 2016) . Chiang et al. (2010) assessed individual impacts of land use change and pasture management on sediment, N, and P losses with SWAT2009. With 12 years of detailed spatial land use data, they differentiated the impacts of land use change from conservation practice implementation. They used these results to determine the relative contribution of sediment and nutrients from pastureland, including the impacts of land application and intensive grazing, and urban areas, and demonstrated the importance of modeling in pollutant source identification. Tuppad et al. (2010) simulated field-scale and watershedscale reductions in runoff, sediment, total N, and total P from several structural and non-structural man-agreement practices using APEX, a field-scale model that has similar functions as SWAT and has recently been linked to SWAT (Gassman et al. 2010) .
Sediment and nutrient loss estimation of each land use/ cover types in Sorga sub watershed under different slope gradient was not yet studied. Therefore, the study aimed to assess the combined effects land use/cover type and slope gradient on sediment and nutrient losses in a study watershed.
Methods and materials

Study area description
The research was undertaken at Chancho and Sorga sub watersheds in East Wollega Zone, Oromia, Ethiopia. East. Wollega is located at the distance of 328 km from Addis Ababa along the main road from Addis Ababa to Asosa (Fig. 1) .
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Description of the study sub-watershed
The watersheds delineation were carried out using 30 m DEM loaded to Arc SWAT version 2.3.4 and SWAT version 2012 on ArcGIS 10.3 platform. The watershed delineation process consists of five major stages such as DEM setup, stream definition, outlet and inlet definitions, watershed outlets selection, definition and calculation of sub-basin parameters. The size of sub-basin in the watershed will affect the assumption of homogeneity. Hence, the definition of a watershed, sub-basin boundaries and streams is decided based on a threshold area to define streams, using a threshold value, the Chancho sub watershed was delineated into 17 and Sorga sub-watersheds into 21 sub-basin (Fig. 2) . Chancho sub watershed is found in Diga District at 15 km from Nekemte town to the West. It is located at 9°01′N and 36°28.2′E at about 2 km from Diga Town. The total area of the watershed including the water bodies is 2109 ha out of these 250 ha of the land is covered by water. The watershed lies between 2100 and 2260 m.a.s.l. The dominant land use/cover type in both watersheds is cultivated land followed by forest and water bodies in Sorga and Chancho sub watersheds, respectively. This sub watershed was used for SWAT model calibration purpose.
Sorga sub watershed is found in Guto Gida bordering partly Diga District, East Wollega Zone, Oromia. It is located in Western part of the region along the main asphalt road Nekemte to Asosa. The total area of a watershed is 3817 ha, of this reservoir occupies 30 ha of land including the buffer zone and Neqemte town which is partial in Sorga sub watershed occupies 326 ha of land. Altitude range of Sorga sub watershed is 2100-2260 m.a.s.l. This sub watershed was selected for SWAT model validation and subsequently details simulation of water quality parameters.
Slope classification of the study watersheds
Topography is defined by a digital elevation model (DEM), which describes the elevation of any point in a given area at a specific spatial resolution as a digital file. DEM is used to analyze the drainage pattern of the watershed, slope, stream length and width of channel within the watershed. The DEM used in this study was obtained from the Oromia Water Resources Bureau, Ethiopia with a spatial resolution of 30 m. Slope gradient of the study watersheds are classified into five classes. Almost 70% and 65% of Sorga and Chancho sub-watershed slope classified under steep to very steep slope land (8-15% and 15-30%), respectively, (Fig. 3) . Distribution of this slope classes to each land use/cover indicated that, 85% of cultivated land in both sub watersheds classified under steep to very steep slope but more of steep slope lands were under cultivation. Forestland accounts for 87% of steep to very steep land, in which very steep land share is higher than steep land. 95% of urban and grass land of the study area are also classified under steep to very steep land (Table 1) .
Climate
The climate of the study watersheds is moderately cool representing typical medium (moist middle altitude) agro climatic zone. Altitude in the watersheds ranges from 2100 at the valley bottom to 2260 m.a.s.l at the peak of Southern hills. The recorded climatic data of Nekemte and Leka Dulecha meteorological station for 37 years includes; annual rainfall, max and minimum temperature, relative humidity, wind speed and sun hour were obtained from Ethiopia national meteorological agency. The stations are found in Sorga sub watershed, bordering Chancho sub watershed and Nekemte city. The area receives maximum amount of rainfall during the year 2014 was 2520 mm and the minimum recorded rain fall was 1524 for the year 1989. Then, the mean annual rainfall of the study areas were 2022 mm and annual average temperature was 19.85 °C. The year in the area is divided into two seasons: a rainy season which occurs from May to October and a dry season from November to April.
Methods
Arc SWAT model setup
Watershed delineation
Arc SWAT uses Digital Elevation Model (DEM) and automatically delineate the watershed into several hydrological connected sub-basin. The watershed delineation operation uses ArcGIS and spatial analyst extension functions to perform watershed delineation. The first step in the watershed delineation was loading the properly projected DEM. To reduce the processing time of the GIS functions, a mask was created over the DEM around the study area. Next, a polyline stream network dataset was burnt-into force SWAT sub-basin reaches to follow known stream reaches. Burning-in a stream network improves hydrological segmentation, and sub-watershed delineation. After the DEM grid was loaded and the stream networks superimposed, the DEM map grid was processed to remove the non-draining zones.
The initial stream network and sub-basin outlets were defined based on drainage area threshold approach. The threshold area defines the minimum drainage area required to form the origin of a stream. The interface lists a minimum, maximum and suggested threshold area.
Hydrologic response unit analysis
Hydrologic response units (HRUs) are lumped land areas within the sub-basin that are comprised of unique land cover, soil, slope and management combinations. HRUs enable the model to reflect differences in evapotranspiration and other hydrologic conditions for different land use/covers and soils.
Land use/cover and soil data in a projected grid file format were loaded into the Arc SWAT interface to determine the area and hydrologic parameters of each Then, land use, soil and slope classes were integrated to define the hydrologic response units. In order to minimize the number of HRUS, 25% for land use/ cover, 15% for slope and 10% for soil thresholds percentage were assigned. The DEM data used during the watershed delineation was also used for slope classification. Based on the suggested minimum and maximum ranges, six slope classes (0-5, 5-8, 8-15, 15-30 and > 30%) were applied and slope grids reclassified. Then, land use, soil and slope grids were overlaid in order to produce HRUS based on threshold percentage assigned for each of them (Fig. 4) .
Importing climate data
The climatic variables required by SWAT daily precipitation, maximum and minimum temperature, solar radiation, wind speed and relative humidity were prepared in the appropriate dbase format. Due to data availability and quality, daily precipitation, and maximum and minimum temperature in dbase format were the climatic input variables imported together with their weather location. And due to lack of complete weather data we used the Hargreaves method which uses temperature to determine the potential evapotranspiration.
Sensitivity analysis
The sensitivity analysis of this study was done using onefactory-at-a time and global sensitivity analysis methods. The inputs were the observed daily flow data and monthly sediment yield. The sensitive parameters to flow and sediment yield evaluated by t-stat and p-value and ranked accordingly.
Model calibration and validation
Two sub watersheds are selected for this study in which Chancho Sub watershed flow and sediment data used for model calibration and Sorga sub watershed independent data used for model validation. Simulation of the predicted water quality parameters was undertaken in Sorga sub watershed. Calibration and validation were carried out in SWAT-CUP 2012 version 5.1.4 using Sequential Uncertainty Fitting (SUFI-2) algorithm, based on the SWAT-CUP user manual (Abbaspour 2013) . SUFI-2 is a semi-automated calibration and uncertainty analytical algorithm (Zhou et al. 2014 ) that accounts for all sources of uncertainty, including uncertainty in the driving variables (e.g. rainfall), conceptual model, parameters and measured data (Vilaysane et al. 2015) . The model was calibrated and validated by using river flow and sediment data of the study sub watersheds. Sensitivity analysis was carried out to identify the most sensitive parameters for the model calibration using global sensitivity analysis which is an automatic sensitivity analysis tool implemented in SWAT.
In automated calibration, the list of selected parameters for optimization of object function is usually the momentum of difference of observed and computed values. For SWAT model calibration, there is a manual option in ARCSWAT, and a SWAT-CUP (SWAT Calibration and Uncertainty Programs) program with link to SWAT output for automated calibration is used. In SWAT-CUP, there are four methods for calibration, uncertainty and sensitivity analysis (Abbaspour et al. 2007) . In this study, SUFI-2 optimization method was applied. In SUFI-2, the uncertainty parameter explains all sources of uncertainties. The degree, to which all uncertainties are explained, is expressed by parameter referred to as the P-factor, which is given as the percentage of measured data enveloped by the 95% estimation uncertainty (95PPU). The 95PPU is determined at the percentage of cumulative distribution between 2.5 and 97.5% of an output variable. Model Application A simple framework that is used for hydrologic modeling and calibration by SWAT and SWAT-CUP.
Model evaluation
The performance of SWAT was evaluated using statistical measures to determine the quality and reliability of predictions when compared to observed values. Coefficient of determination (R 2 ) and Nash-Sutcliffe simulation efficiency (ENS) were the goodness of fit measures used to evaluate model prediction. The R 2 value is an indicator of strength of relationship between the observed and simulated values. The Nash-Sutcliffe simulation efficiency (ENS) indicates how well the plot of observed versus simulated value fits the 1:1 line. If the measured value is the same as all predictions, ENS is 1. If the Eis between 0 and 1, it indicates deviations between measured and predicted values. If ENS is negative, predictions are very poor, and the average value of output is a better estimate than the model prediction (Nash and Sutcliffe 1970).
Data analysis
A simulated mean value of each parameter was calculated by using Excel. Spearman's rank correlation analyses were used to explore the relationships between land use/cover types and simulated water quality variables in both watersheds. Analysis of variance on the mean values of all water quality variables were also performed to test if there were any significant differences between land use categories.
Result and discussion
Sensitive parameters
Sensitive parameter analysis was carried out in order to identify the most sensitive parameters determining the model output. The parameter that had the most influence on the flow and sediment load was identified. Global sensitivity analysis uses t-test and p-values to determine the sensitivity of each parameter. The t-stat provides a measure of the sensitivity. The larger in absolute values indicates more sensitivity. The p-values determine the significance of the sensitivity. A p-value close to zero has more significance (Singh et al. 2014 ). This sensitivity was performed after an iteration process. Therefore, global sensitivity analysis was used to identify the most sensitive parameters. Accordingly, channel effective hydraulic conductivity (mm/h) (V__CH_K2.rte) was found to be the most sensitive parameter, followed by Base flow alpha factor (days) (V_ALPHA_BNK.rte) to flow. Ground water flow Alpha factor (V-ALPHA-BF.gw) is the most sensitive parameters to sediment load followed by Threshold depth of water in the shallow aquifer required for return flow to occur (V_GWQMN.gw) ( Table 2) .
Calibration of the SWAT parameters
Independently recorded flow data and sediment yield from both sub watersheds were used for calibration and validation of the model. Data from Chancho sub watershed was used for model calibration and Sorga for validation (Fig. 5) .
Model calibration
Calibration was performed by using for 20 years flow data (January 1994 to December 2013) including 3 years warm up periods in Chancho sub-watershed. The simulated daily flow results were compared with the observed daily discharge recorded from river flow monitoring station (Fig. 5) . It was found that by using the default parameters, the simulated flow was very close to the actual monitored flow rate (Fig. 6 ), The SWAT model parameters were calibrated until there was a satisfactory agreement between the simulated flow rate and the observed monitored flow data., the simulated flow was close to the monitored flow rate (Table 3) , is also a good agreement between them. Simulated monthly sediment yield results also compared with the observed monthly sediment yield and we found that the simulated one was close to actual sediment load and the calibration result indicate a satisfactory agreement between them (Fig. 7) .
Model validation
Validation of the model for flow was done for an independent data obtained form Sorga sub watershed for 20 years from 1997 to 2013 and sediment flow for one year 2013. The validation result indicates both flow rate and sediment yield gives a satisfactory result for the prediction of water quality variables (Figs. 8, 9 , 10).
Model evaluation
Model calibration result was found that the model has strong predictive capability with R 2 = 0.91, NS = 0.96 and RE = 0.5 for Chancho sub watershed and model validation is also very good predictive capacity of the model for river flow rate with value of 0.83 and 0.74 for R 2 and ENS, respectively. High value of R 2 and ENS for monthly flow rate and sediment yield both for calibration and validation period indicate the predictive capacity of the model and it is appropriate to estimate the water quality of the study sub watershed (Table 3) . cover types. The interaction of urban land with all slope range produced a higher ORGN kg/ha than other land use/cover types. The maximum mean value of ORGN was recorded from the interaction of urban land with 8-15% slope (73 kg/ha/year) and had significant difference at (p < 0.05) than other lands of the same slope gradient, that is, cultivated land (47 kg/ha), forestland (34 kg/ha), and grassland (39 kg/ha). The least mean value of ORGN (32.9 kg/ha) was recorded from cultivated land at the slope gradient of 0-5% (Table 4) .
The amount of phosphorus stored in the stable organic phosphorus and transported from each HRU of land use/ cover types varied at different slope gradient. Each land use/cover type produced different ORGP within and between slope ranges. The highest simulated mean value was recorded from urban land of (10.5 g/ha/year) at the , as compared to the other combined followed by grassland land, which produced a mean of 7.7 g/ha/year of ORGP at the slope gradient > 30%.The minimum ORGP transported was observed under cultivated land (5.05 g/ha/year) at 0-5% slope. Urban land transported higher ORGP than other land types at all slope classes and had no significant difference at (p < 0.05) between them (Table 4) . The simulated mean value of nitrate transported with surface runoff varies depending on the interaction of land use/cover type with slope gradient. Cultivated land at 15-30% slope produced more nitrate in surface water than other combinations (5.6 kg/h/year). Grassland also produced a higher mean value of NSURQ (5.3 kg/ha) at > 30% slope gradient next to cultivated. The minimum value of NSURQ was recorded from urban land at slope range of 8-15% with value of (1.59 kg/ha) ( Table 4) .
LULC
The mean values of mineral phosphorus absorbed to sediments and transported from each HRUs of land use/cover and slope gradient were high at 8-15% slope range for all land use/cover types. The higher mean value was produced from urban land at slope range of 5-8% (11.3 kg/ha) than the other interactions, followed by forestland at the same slope produced SEDP (5.8 kg/ha). The minimum mean value was recorded from grassland at slope range > 30% (2.67 kg/ha).
The simulated mean values of NO3 transported with the ground water loading from the HRU vary based on the nature of land use/cover and slope gradient. The higher mean value of GWNO3 was recorded from cultivated land at slope of 30% than other interaction within and between land use/cover types. Grassland at slope 0-5% produced more GWNO3 (11 kg/ha) next to cultivated land and forestland, which produced less or minimum mean value under all interactions as compared to others (Table 4) .
Simulated mean value of sediment and nutrient transported from the interaction of different land use/cover types and slope gradient showed different values between land use/cover types. Each land use/cover type was produced different sediment and nutrient losses under a similar slope gradient. Therefore, the combined effect of land use/cover types and slope gradient analyzed and evaluated for each land use/cover types separately (Table 4) .
The model output indicated that the interaction of cultivated land with slope gradient (15-30%) produced the higher values of sediment. AS slope gradient increases up to 30% slope of cultivated land, the value of sediment increased then after declined The interaction of forestland and slope gradient at (15-30%) slope produced higher value of sediment but statistically had no significant difference. This result indicated that as slope gradient increased from 0-5% to 15-30% sediment values also increased then after declined (Fig. 11) . Combination of urban land and slope gradient at (15-30%) produced higher value of sediment with no significant difference among the mean values. This result indicated that as slope gradient increased from 0-5% to 15-30% sediment values also increased limitlessly. Grassland and slope gradient at (15-30%) produced higher mean value of sediment than the others combination, and had a significant difference (p < 0.05). The mean value of sediment increased as slope increases from 5 to 15% slope then after declined (Fig. 11) .
The higher mean values of ORGN recorded at slope gradient 15-30% in cultivated land. As slope gradient increased the values of both nutrients were increased until it reaches 30% slope similarly, and then declined with no significant difference between them (Fig. 12) .
Nitrate in later flow (LAQTNO 3 ) in combination of forest land slope gradient showed that the higher mean values of those variables were recorded at 5-8% slope gradient. As slope gradient of forestland increased beyond this range the values of LATNO 3 were declined ( Fig. 13 ) this indicates that high and dense forest is located at the steeper land in the study area.
The simulated mean values of NO 3 transported into main channel into the lateral loading from the HRU was varied based on the combination of cultivated land and slope gradient. Nitrate transport in the lateral flow is decreased as slope gradient increased beyond > 30% in cultivated land. The simulated mean value of NO 3 transported in lateral flow of forestland under different slope gradient was almost showed a similar trend with no significant difference among them (Fig. 13) .
The simulated mean values of sediment phosphors (ORGPh), nitrate in surface runoff (NSURQ), were showed a similar trends in responding to changed slope gradient in cultivated land. As slope gradient increased the values of those variables were also increased with no any significant difference among their mean values (Figs. 14, 15) .
Correlation between sediment, nutrient transport and slope gradient of different land use/cover types Correlation analyses were undertaken between water quality variables, and slope gradient in order to understand the effect of slope on each variable and the relation between variables. The relationships between slope and water quality variables and among water quality variables vary depending up on land use/cover type. Therefore, Spearman's rank correlation analysis indicates that the correlation between slope and sediment transport from HRU had a slight positive correlation (r = 0.106), which means that, as the mean slope increases, the mean of sediment transport showed a slight increase.
The correlation between slope gradient and organic nitrogen, organic phosphorus, sediment phosphorus and nitrate in lateral were showed a slight positive relationship between them, as slope gradient increased, the value of those water quality parameters are also increased whereas, soluble phosphorus transport and nitrate in ground water showed a negative relationship with slope gradient (Table 5) .
The correlation among water quality variables showed different relationship depending on their respective land use/cover types. Sediment phosphors and organic nitrogen, organic N and P, soluble P and nitrate in surface flow, ground water nitrate and nitrate in lateral flow had a strong positive correlation with each other, while sediment yield and soluble P had a strong negative correlation and the others variables had a slight positive and negative relationship with each other (Table 5) .
Discussion
The SWAT model has been calibrated and validated before simulating the water quality variables. The model application gave satisfactory goodness of fits levels. The uneven contribution of mean values of sediment and nutrient transport from HRU of different land use/cover types and slope gradient is due to the dominant area coverage of land use/cover types and its interaction with their respective slope gradient.
The simulated mean value of sediment transport was higher at slope gradient class of 15-30% under all land use/cover types than other combined in the study sub watershed. Urban land produced higher mean values of sediment at 15-30% slope followed by cultivated land, this higher values of sediment is resulted from impervious and paved nature of urban land and continuous and steep slope cultivation of farmland. The mean values of organic N and P and sediment phosphorus are also higher in urban land with increasing trend as slope increased; this is due to the disposal of solid and liquid waste and influent to the environment by urban settlers. In general, the interaction of all land use/cover type and slope gradient indicated that, as slope gradient increased on average to 15-30%, sediment and nutrient transport/ loss increased and then decline beyond 30%, except for nitrate in lateral and ground water flow. The simulated values of nitrate in lateral and ground water flow were decreased as slope of all land use/cover increased, due to the increase of surface runoff and reduced infiltration as slope increased. Therefore, the combined effects of urban land with its slope gradient contribute more sediment and nutrient transport limitlessly than others combined. And cultivated land contributes more sediment and nutrient loss at increased slope gradient than forest and grassland combined. The correlation between water quality variables indicated that, all are correlated to each other differently. Sediment with organic N and P, sediment phosphors and nitrate in ground water were positively correlated, indicated that as sediment transport increase the value of those variables also increases, while it has a negative correlation with the other variables. Majority of the variables were positively correlated to each other. The result of correlation among water quality variables indicated that, more nutrients had a positive correlation with the slope gradient except nitrate in surface runoff, soluble p and ground water nitrate. The result of this study indicated that sediment and nutrient transported from the interaction of land use/cover types and slope gradient affect the watershed dynamics and hydrology significantly. Moreover, the existing land use/cover types and its slope gradient are the most important factor affecting watershed dynamism and hydrology in terms of sediment and nutrient transport from HRUs.
Conclusion
Using SWAT as analytical tool would help us to predict the plausible sediment and nutrient transport and its consequences on hydrology of the watersheds and it is a very comprehensive water quality analysis tool. The simulated values of water flow rate was very close to the actual monitored during calibration, the model can be used to characterize the current discharge a different water quality conditions in the different watershed under a similar climatic and geographic areas. The model predicted the future hydrological dynamisms caused under changing land use/cover types and direction of change and its management strategy to keep the health of the watersheds.
The cumulative effects of land use/cover types and slope gradient on watershed dynamics and hydrology was predicted based on the simulated values of sediment and nutrient transport from HRU in a watershed. The simulated mean values of sediment and nutrient transport showed that the interaction of land use and slope were produced different mean values but statistically had no significant different. Combined effects of cultivated land and slope gradient produced more sediment than other land use/cover types followed by urban land. In cultivated land as slope gradient increased values of sediment also increased until it reaches to 30% slope and then started to decline. In Forest and grassland sediment loss increased until 15% slope and then decline, but in urban land as slope gradient increases sediment and nutrient loss are also increased. Therefore, it was concluded that urban land and cultivated land with increased slope gradient under construction and cultivation, respectively, had more significant effect on watershed dynamics and hydrology in terms of loss of fertile top soil from upland, downstream water quality reduction and sedimentation of reservoir than others land use/cover in the study watershed. Therefore, avoiding utilizing steep slope land for construction and continuous cultivation and implementing integrated watershed management strategies are recommended to keep the natural dynamism of the watershed.
Abbreviations ANOVA: analysis of variance; GIS: geographical information system; HRUs: hydrological response units; km: kilometer; LULCC: land use land cover change; mm: millimeter; SWAT : soil and water assessment tools; ha: hectare; m.a.s.l: meter above sea level; TP: total phosphorous.
